Living fossils are lineages that have retained plesiomorphic traits through long time periods. It is expected that such lineages have both originated and diversified long ago. Such expectations have recently been challenged in some textbook examples of living fossils, notably in extant cycads and coelacanths. Using a phylogenetic approach, we tested the patterns of the origin and diversification of liphistiid spiders, a clade of spiders considered to be living fossils due to their retention of arachnid plesiomorphies and their exclusive grouping in Mesothelae, an ancient clade sister to all modern spiders. Facilitated by original sampling throughout their Asian range, we here provide the phylogenetic framework necessary for reconstructing liphistiid biogeographic history. All phylogenetic analyses support the monophyly of Liphistiidae and of eight genera. As the fossil evidence supports a Carboniferous Euramerican origin of Mesothelae, our dating analyses postulate a long eastward over-land dispersal towards the Asian origin of Liphistiidae during the Palaeogene (39-58 Ma). Contrary to expectations, diversification within extant liphistiid genera is relatively recent, in the Neogene and Late Palaeogene (4-24 Ma). While no over-water dispersal events are needed to explain their evolutionary history, the history of liphistiid spiders has the potential to play prominently in vicariant biogeographic studies.
Living fossils are lineages that have retained plesiomorphic traits through long time periods. It is expected that such lineages have both originated and diversified long ago. Such expectations have recently been challenged in some textbook examples of living fossils, notably in extant cycads and coelacanths. Using a phylogenetic approach, we tested the patterns of the origin and diversification of liphistiid spiders, a clade of spiders considered to be living fossils due to their retention of arachnid plesiomorphies and their exclusive grouping in Mesothelae, an ancient clade sister to all modern spiders. Facilitated by original sampling throughout their Asian range, we here provide the phylogenetic framework necessary for reconstructing liphistiid biogeographic history. All phylogenetic analyses support the monophyly of Liphistiidae and of eight genera. As the fossil evidence supports a Carboniferous Euramerican origin of Mesothelae, our dating analyses postulate a long eastward over-land dispersal towards the Asian origin of Liphistiidae during the Palaeogene (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) . Contrary to expectations, diversification within extant liphistiid genera is relatively recent, in the Neogene and Late Palaeogene . While no over-water dispersal events are needed to explain their evolutionary history, the history of liphistiid spiders has the potential to play prominently in vicariant biogeographic studies.
Introduction
Living fossils are those lineages that were once more diverse than today, or that have survived over long evolutionary timescales with little morphological change [1] . Textbook examples include plants such as the Gingko tree and the cycads, and animals such as coelacanth fishes and horseshoe crabs. These living fossils are hypothesized to exhibit ancient roots and early diversification patterns [2, 3] . However, such assertions are rarely tested within a time-calibrated phylogenetic framework. The latest dating analyses of extant cycads and coelacanths have discovered that although these lineages are ancient, their extant species are a surprisingly recent radiation [1, 4] . Within arachnids, liphistiid spiders are widely recognized as 'living fossils' [5] as they are the only surviving & 2015 The Author(s) Published by the Royal Society. All rights reserved.
group of the suborder Mesothelae that have retained spider plesiomorphies such as abdominal tergites and spinnerets located in the middle of the abdominal venter (figure 1a,b) [6] [7] [8] [9] . Because of this plesiomorphic morphology, the family and genera of living liphistiid spiders native only to parts of Southeast and East Asia are assumed to be ancient and exhibit early diversification patterns. This assumption, however, remains untested.
The family Liphistiidae consists of 89 extant species-level taxa currently grouped in three genera, and displays an interesting geographical distribution confined to Southeast and East Asia [10] . The group is a species-poor, but seemingly ancient lineage of relatively large, dispersal-limited, unusually long-lived (5 -18 years), ground-dwelling spiders that build trapdoor burrows ( figure 1c,d) [8, 9, 11] . Since their discovery [12] , classical authors [13] divide Liphistiidae into two subfamilies, Liphistiinae with a single genus, Liphistius and 50 species, and Heptathelinae with 39 species within two genera, Heptathela and Ryuthela [10] . Liphistiines are geographically separated from heptathelines, Liphistius occurring in Southeast Asia, and Heptathela and Ryuthela confined to East Asia (figure 1e).
As the sister clade to all other known spiders, Mesothelae should play prominently in any attempts at reconstructing the arachnid tree of life and testing alternative biogeographic hypotheses. Surprisingly, however, the research on Mesothelae and Liphistiidae has thus far been devoid of comprehensive phylogenies. Although liphistiid exemplars are routinely used in family level or higher spider phylogenetic research, these works either use solely morphological data [7] [8] [9] [14] [15] [16] [17] , or where molecular data are used, employ a single or at the most two representatives of the family [18] [19] [20] [21] except for a recent study reporting the molecular phylogeny for the genus Ryuthela [22] . To date, no molecular phylogeny has been available for the family and for other genera.
Representing an ancient lineage with a geographically restricted distribution and very likely limited colonization ability, the biogeography of liphistiids is of great interest. It is, therefore, surprising how little we know about the origin of Mesothelae (the basal-most branch of all spiders) and Liphistiidae (the only Mesothelae family with extant species), and how geological and biological processes in the Earth's history might have affected them. The extant Mesothelae are only distributed in East and Southeast Asia, from where no Palaeozoic arachnids are known, and the only fossil species is the Late Carboniferous Palaeothele montceauensis [23] , known from the part of Euramerica that corresponds to today's France [23, 24] . At that time in the Earth's history (295 Ma), those regions where Mesothelae are found today were on landmasses isolated from Pangea [25] [26] [27] [28] [29] [30] [31] [32] . Recent authors [13, 33] hypothesized that Mesothelae originated in Euramerica prior to its integration with Pangea, and that during the Late Triassic the ancestor of Liphistiidae colonized East and Southeast Asia from Euramerica over one of several possible landmasses. The occurrence of Mesothelae on the islands of southern Japan (Kyushu and Ryukyu Archipelago) was explained both through vicariant origin in the Tertiary when the Japanese island arc separated from mainland Asia [33] , or alternatively, as a consequence of dispersal events over-land bridges from east China during the Pleistocene [9] . Considering the acute absence of a liphistiid phylogeny, none of the above biogeographic hypotheses have been empirically tested.
Here we use molecular data from our original sampling to test the monophyly of Liphistiidae and its genera. We then devise a time-calibrated phylogeny to elucidate the origin of the stem group Mesothelae and its major clades. We use these data to examine the biogeographic history of these spiders, and, given their sedentary lifestyle and long evolutionary history, propose that the lineage is an ideal model for reconstructing past events. Finally, we test the assumption that present-day liphistiids exhibit not only early origin but also diversification patterns, as would be expected from their labelling as living fossils.
Material and methods
The greater detailed methods are described in the electronic supplementary material.
(a) Material and phylogenetic inference Our study primarily focused on heptathelines (the liphistiids of East Asia), and we added two species of liphistiines from Laos and Malaysia (figure 1e). Our ingroup sampling thus had a total of 124 liphistiid specimens from 105 localities (figure 1e). We sampled mygalomorph outgroups of the families Atypidae and Ctenizidae and augmented original data with sequences from GenBank (electronic supplementary material, table S1). We performed parsimony [34] , maximum-likelihood (ML) [35] and Bayesian (BI) [36] phylogenetic analyses using nucleotide data from five genes (CO1, 16S, 28S, H3, ITS2) (electronic supplementary material, table S2) and selecting the best fit DNA substitution model for each of the four partitions [37] .
(b) Calibrations and divergence dating
To estimate divergence times within Liphistiidae, we devised a matrix whose taxon sample maximized fossil calibration points. Analyses conducted using only fossil-based time constraints yielded extremely low estimates for mtDNA substitution rates, more than twice lower than any value reported in the literature [38 -41] . Therefore, we conducted additional analyses with normal distribution on the mtDNA rate prior based on information available in the literature. We linked the mitochondrial genes (CO1 and 16S) in a single clock, assigning the substitution rate parameter a normal prior with a mean 0.017 and standard deviation 0.0045, as recently estimated for other spider lineages [42] . For the nuclear genes (28S, H3 and ITS2) and to speed-up analyses, we restricted the parameter space by setting diffuse, uniform priors to the starting value of 0.00115, with the minimum and maximum bounds set to 0.0001 and 0.0115. These values are based on the universal substitution rate proposed for arthropod mtDNA [43] , and were selected under the assumption that the nuclear genes are about one order of magnitude slower than mitochondrial (starting value) and generally no nuclear protein coding gene will show higher rates than the mitochondrial genes (upper bound) [44] .
Based on the jModeltest results, we used the substitution models GTR þ I þ G for CO1, 16S, 28S and ITS2 and TN93 þ I þ G for H3, and base frequencies were set to estimate except for H3 and ITS2 which were set to equal. A starting tree including the time constraints was generated with starttree (http:// bodegaphylo.wikispot.org/starttree_program) and incorporated to the analysis by modifying the xml file. All analyses were run assuming a lognormal relaxed clock for each gene partition and a Yule tree prior. We specified an exponential prior for the yule.birthRate with a mean of 0.05, estimated using the pyule tool (available at https://github.com/joaks1/pyule). For each analysis, three independent chains were run for 50 million generations. Chain convergence and correct mixing of each MCMC chain was assessed with TRACER v. 1.6 [45] . Ten per cent of the first generation of each chain was removed as burnin and the remaining values were combined into a single file with the help of LogCombiner [46] and consensus trees were obtained with TreeAnnotator [46] .
(c) Biogeographical analyses
To infer biogeographical events, we defined seven discrete geographical areas (figure 1e) and reconstructed ancestral distributions on a simplified matrix using three alternative methods in RASP v. 3.0 [47, 48] : (i) statistical dispersal -vicariance analysis (S-DIVA; [47] ), with a maximum of three areas per node; (ii) BI binary MCMC analysis (BBM; [47, 49] ), with 5000 cycles using 10 chains, sampling every 100 cycles, allowing for a maximum of three areas, giving a 'custom' root distribution, using the JC þ G substitution model; and (iii) dispersal -extinctioncladogenesis analysis (DEC; [50] ), setting the maximum areas to three [48] , with an unconstrained model allowing for equal rates of dispersal (1.0) between areas at any time.
Results (a) Phylogenetic reconstruction
All analyses, BI, parsimony and ML under the four partition schemes consistently recover Liphistiidae monophyly with high support values ( posterior probability, hereafter PP, ML bootstrap support, BS and parsimony jackknife, JK, all reaching 100%), and all analyses converged on similar within-family topologies (figure 2). The monophyly of Liphistius, in our taxonomic sample represented by exemplars from Malaysia and Laos, is well supported (PP ¼ 1, JK ¼ 100 and BS ¼ 100) and this clade was always sister to heptathelines, a clade uniting all remaining liphistiids (figure 2). The samples from Japan fit into two reciprocally monophyletic and highly supported clades (figure 2), one including all species of Ryuthela from Ryukyu Island and southern part of Okinawa, and the other clade consisting of some but not all Heptathela (those from Ryukyu Island and Kyushu; figure 2). The fact that all other Heptathela species, those from the Asian mainland, fall into other clades makes Heptathela paraphyletic. In an accompanying paper [ 
(b) Divergence dating and biogeographical reconstructions
Results of the analyses with and without the informed prior in the mtDNA substitution rate resulted in markedly different time frames of diversification for liphistiids (electronic supplementary material, table S3 and figure S1; figure 3a).
Informing the substitution rate resulted in a compression of the liphistiid clade towards the present, yielding dates about onethird younger than the fossil, unconstrained analysis (electronic supplementary material, table S3). The estimated rate of substitution (ucld.mean) of the mtDNA under the unconstrained fossil analysis yielded very low values, about twice lower than those reported in the literature [38] [39] [40] [41] (electronic supplementary  material, table S4 ). In addition, some of the parameter values reported for the unconstrained fossil analysis (coefficient of variation of the 28S and ITS2) were higher than those recommended in the literature (greater than 1) (electronic supplementary material, table S4). On the other hand, increasing the time range of the maximum bound had little to no effect on the results (electronic supplementary material, tables S3 and S4, column rates and rates (20%)). The time-calibrated phylogenetic analyses based on fossil (exponential prior with 95% of the posterior density falls within the range 10% older than the minimum bound) and on substitution rates estimated the basal-most spider divergence between the Mesothelae (treated as a stem group) and the Opisthothelae (represented by Mygalomorphae and Araneomorphae) at 297.6 Ma (295-306 Ma) (figure 3a). Given the estimated age of the extant mygalomorphs and araneomorphs at 245. figure S2 and table S5). None of postulated dispersal events in the liphistiid biogeographic history, however, need to invoke any over-water dispersal. The ancestral area for liphistiids is as likely to be Southeast as East Asia, which since that geological time (approx. 48 Ma) continued to be a single land mass. The heptatheline ancestors occupied the areas corresponding to today's Hainan, East China or Ryukyu archipelago, at the time (approx. 33 Ma) all part of continental Asia. Likewise, the ancestors of today's island taxa (Heptathela s.s., Ryuthela, Qiongthela) occupied either Hainan or Ryukyu archipelago before they were islands (approx. 31 Ma). These three genera diversified vicariantly, before or when their ancestral areas became continental islands, i.e. when Kyushu separated from the Asian continent with the opening of the Japanese sea approximately 15 Ma [53] [54] [55] , and when Ryukyu archipelago was gradually isolated from Asia approximately 10-5.3 Ma [56] [57] [58] [59] [60] [61] . On the mainland, the separation of the lineages Sinothela and Ganthela (approx. 20; 16-25 Ma) corresponds well to the timing of the Yangtze River origin approximately 23 Ma [55, 62] . This suggests that their vicariant origin on each side of the river is still mirrored in today's distributions. Similarly, Vinathela and Songthela have never in their 23 Ma (19-28 Ma) history left the areas E and F (figure 1e) over Yangtze to the north or over the ocean to the south and east, and neither has Ganthela in approximately 15 Ma (15) (16) (17) (18) (19) (20) . Similarly, the approximately 6 Ma (3-10 Ma) evolution of Qiongthela invokes no over-water dispersals from Hainan. 
Discussion
Bristowe [5] referred to Liphistiidae as a 'family of living fossil spiders' [5] because they 'retained many characters from their ancestors and resemble fossil spiders of the Carboniferous period'. Our extensive fieldwork over their present range (figure 1e) discovered numerous new localities and species and, albeit emphasizing heptathelines, secured a taxon sample needed for the first comprehensive specieslevel phylogeny of Liphistiidae. Our phylogenetic (figures 2 and 3a) and biogeographic (electronic supplementary material, figure S2 ) analyses enabled rigorous testing of the monophyly of the family, its two subfamilies, its genera and species groups and the timing of the major divergences and the ancestral ranges. Interesting strong evolutionary and biogeographic patterns emerge. While extant liphistiids indeed possess arachnid plesiomorphies (figure 1a,b) not shared with any other spiders, and the Mesothelae lineage traces back as far as the Carboniferous, the origin of Liphistiidae and its diversification are surprisingly much more recent than once thought, repeating the patterns recently detected also in other textbook living fossils [1, 4] . We trace the origin of the family in Southeast or East Asia to the Late Palaeogene and Eocene (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) , and the origins of all eight genera to the Late Oligocene and Neogene (figure 3a; electronic supplementary material, figure S1 and table S3). However, liphistiids do belong to a very long evolutionary branch that connects them with the only mesothelean fossil known from Eurasia ( figure 3a) , and consequently, some of their phenotypic traits resemble the hypothetically ancestral spiders. In the current absence of any additional fossil data, this long phylogenetic branch suggests that mesothelean evolution must account for a very slow eastward move with possibly numerous extinction events. Below, we discuss three possible scenarios and suggest that the eventual discovery of new mesothelean fossils may support one over the other, depending on its location. Finally, we align liphistiid natural history, in particular their sedentary lifestyle ( figure 1c,d) , to the emerging phylogenetic and biogeographic patterns to reveal that they apparently lack over-water dispersal ability, and this makes them ideal biogeographic models.
(a) Phylogeny and dating analysis
We provided the first phylogenetic hypothesis for the family Liphistiidae, with a particular focus on the genera and species groups within Heptathelinae. We used exemplars obtained through our several years of sampling throughout their range, obtained data on five mitochondrial and nuclear markers, and analysed them along with numerous mygalomorph outgroups using three phylogenetic approaches (BI inference, ML and parsimony) under four partition schemes. The results (figures 2 and 3a) have converged on the following general patterns: (i) the monophyly of the family Liphistiidae is well supported; (ii) the genus Liphistius is the sister group to Heptathelinae, the latter containing all other liphistiids; (iii) within Heptathelinae, Ryuthela is monophyletic but the genus 'Heptathela' s.l. as currently known is paraphyletic. Liphistiid monophyly has never been questioned, and the clade has been recovered in all morphological and molecular analyses that focused on higher level phylogenetics [7-9, 14,15,17-20,63] . However, these studies only included a small subset of liphistiid diversity, typically one Liphistius and/or one Heptathela [7,8,18 -20] . Our study is the first to test and confirm liphistiid monophyly with a comprehensive taxon sampling and using molecular data.
Two distinct clades can be identified within Liphistiidae: Liphistiinae and Heptathelinae. Liphistiinae contains only Liphistius whose monophyly has not been disputed [9, 13] . Our dating analysis estimates the crown group Liphistius to be approximately 17 Ma, but its stem may be as old as approximately 48 Ma. Its sister lineage, Heptathelinae, which contains all other liphistiids from China, Japan and Vietnam, originated during the Eocene/Oligocene. Our results unequivocally confirm the monophyly of Ryuthela in agreement with morphological [9, 13] and preliminary molecular datasets [22] . However, all phylogenetic evidence refutes the monophyly of 'Heptathela' s.l., contradicting most recent taxonomic literature [13, 64] .
The monophyly of each of the mainland Chinese genera Songthela, Vinathela, Sinothela, and in part, Ganthela is well supported in the phylogeny, and also by the dating analysis and morphological diagnostics [51] . The exception is the suboptimal clade support for Ganthela in the parsimony analyses, and poorly resolved relationships within Songthela in most analyses. The apparent conflict in the data may be due to inadequate taxonomic sampling in south and southwest China. The position of the genus Qiongthela from Hainan remains unresolved. With relatively low support, the phylogenetic analyses place it as sister to all mainland taxa (figure 2), but the dating analysis places it as sister to the doublet Ryuthela and Heptathela s.s. the remaining two island genera (figure 3a; electronic supplementary material, table S5). More sampling and data are needed to resolve this topological instability for the three genera that may be crucial for the understanding of liphistiid island biogeographic patterns.
(b) Historical biogeography
Mesothelid spiders are sedentary, dispersal-limited spiders whose evolutionary history dates back to the very origin of spiders in the Late Carboniferous. They have therefore already attracted considerable biogeographical interest [9, 33, [64] [65] [66] , but our view is that they should play a more prominent role in future reconstructions of biogeographical histories. As all prior hypotheses have been devoid of molecular data, the here presented phylogenetic framework and the inferred chronogram (figures 2 and 3a) shed new light on the origin and biogeography of the group. Interestingly, the reconstructed ancestral areas (electronic supplementary material, figure S2 ) and dispersal versus vicariant events (electronic supplementary material, table S5) do not require any explanations of over-water dispersal in liphistiid biogeographic history. Apparently, effective water barriers include not only bodies of ocean, but also major rivers, notably Yangtze.
The available fossil evidence supports the 'Euramerican origin hypothesis' for Mesothelae (figure 3b inset; [13, 33] ). Our various dating analyses agree that the spider origin, and thus the basal-most split between Mesothelae and Opisthothele was in the Late Carboniferous and Early Permian, approximately 295-320 Ma (figure 3a; electronic supplementary material figure S1 and table S3 ). During the Late Carboniferous and Permian, the Laurentia and the Baltica plates together formed the equatorially situated Euramerica [28, 28, 31, 67] . It was there that the only known Mesothelae fossil lived around 295 Ma [23, 24] . By contrast, the regions inhabited today by extant liphistiids (Southeast and East Asia) correspond to isolated microplates of that time, and are not known to contain any Palaeozoic arachnid fossils. Therefore, all evidence points to the origin of Mesothelae in Euramerica.
The long evolutionary history from the Mesothelae origin in Euramerica to modern time is estimated at about 298 Ma. Prior to our dating analysis, the node Liphistiidae was traditionally viewed as 'primitive' and ancient, but in fact our dating analysis places its origin at 'only' approximately 48 Ma, and therefore, recovers an extraordinarily long (approx. 250 Ma) branch between the time of the mesothelean fossil (295 Ma) and the origin of Liphistiidae. Even the alternative analysis that only used fossil data unconstrained for mtDNA substitution rates uncovered a relatively recent origin of Liphistiidae at approximately 124 Ma, implying a minimum estimate of the mesothelean branch of 177 Ma. This means that liphistiid ancestors must have arrived east over Laurasia (or Gondwana, see below) over a long geological time.
The available palaeogeographical and palaeoclimatological data [28, 29, 31, 52, [67] [68] [69] [70] [71] allow for three possibilities of such a long journey over land from Laurasia to Asia (figure 3b; see electronic supplementary material): (i) the liphistiid ancestors may have taken a southern route along the northern margins of Gondwana, to which Euramerica connected during the Late Carboniferous [33] , then drifted north towards Southeast Eurasia on Sibumasu, i.e. eastern Burma, western Thailand, northwestern peninsular Malaysia and a part of Sumatra [68 -70,72 -74] . We name this scenario the 'Out of Gondwana' hypothesis; (ii) they may have taken a route along the southern margin of Laurasia by stepping onto the Cimmerian continent strip [33] . This is the 'Stepping-on Middle East' hypothesis (figure 3b, inset); and finally (iii) they may have travelled through northern Laurasia and on to the North China plate after it had connected to Laurasia during the Mid-Jurassic. We name this the 'Silk road' hypothesis ( figure 3b, inset) . Wherever the over-land dispersal took the liphistiid ancestors during this long evolutionary time, they (along with any branches they may have formed) must have repeatedly gone extinct along the way. Finding new fossil Mesothelae representatives from the Late Carboniferous to Eocene is therefore expected, but depending on the route taken, these fossils could be on either of the continental masses of Gondwana, Central and North Asia, Sibumasu or China. See electronic supplementary material for discussion on plausibility of these hypotheses and their predictions.
Liphistiidae diverged in the Palaeogene and diversified during the Neogene (figure 3a; electronic supplementary material figure S1 and table S3). The estimated diversification times and ancestral area reconstructions (figure 3a; electronic supplementary material figures S1 and S2, tables S3 and S5) suggest that the origins of Heptathela s.s. Qiongthela, and Ryuthela, the three genera exclusively inhabiting the southwestern Japanese islands and Hainan Island, predate the break-up of the islands form the mainland estimated at 15 Ma for Japan and approximately 2-2.5 Ma for Hainan [53, 55, 56, [75] [76] [77] . Our results thus support Schwendinger's hypothesis [33] , and refute the explanation of liphistiids dispersing onto Japanese rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20142486 islands over land bridges during the Pleistocene [9] . Likewise, the occurrence of Qiongthela on Hainan Island requires no ad hoc over-water dispersal events.
We can now also explain the absence of liphistiids from Taiwan. The island namely formed de novo about 9 Ma during the collision of the Philippine Sea plate with the Eurasian plate [78] . In accordance with their sedentary terrestrial life history and an over 298 Ma long evolutionary history of slow, over-land dispersal, the best explanation at hand is that liphistiids have never set their tarsi on Taiwan, not even during relatively short-lived land bridges that formed between the southern Japanese islands and the Asian mainland during the Pleistocene glacial cycles [79] [80] [81] [82] .
Conclusion
Our results combined with the fossil record indicate that Mesothelae originated in Euramerica in the Carboniferous and Permian boundary, and suggest that the period that followed was marked by a long eastward over-land dispersal of liphistiid ancestors towards the origin of Liphistiidae in Southeast or East Asia. The notable pattern seen is an up to 250-Ma-long lag between the stem of Mesothelae and the origin of extant Liphistiidae, combined with the occurrence of likely extinction events during the evolutionary history of the family. Since their origin in the Palaeogene Asia is relatively recent, we argue that liphistiids are modern spiders that happened to have retained certain characters considered plesiomorphic within spiders. As such, their labelling as living fossils is accurate from the phenotypical stance, however, their diversification is much more recent than expected.
Organismal dispersal abilities profoundly affect their diversification patterns [83] and biogeographic work benefits from identifying such lineages that due to their ancient origins and limited dispersal abilities retain their genetic imprint and biogeographic signal [84] . The family Liphistiidae should join other prominent litter or soil-dwelling spiders [40, [85] [86] [87] [88] and be considered an excellent model for biogeographic research on a par with selected few phylogenetically old terrestrial arthropod lineages, such as harvestmen [89] , scorpions [90] , centipedes [91] and velvet worms [84] . Both the reconstructed biogeographic history of Liphistiidae and their natural history namely suggest that these spiders are very poor and slow dispersers that, rather than ever move over-water or over short-lived land bridges, prefer to maintain their restricted ranges, or ride vicariantly on drifting continents.
Data accessibility. DNA sequences can be accessed via GenBank (KP229800-KP230400); phylogenetic matrices can be accessed via Dryad: http://dx.doi.org/10.5061/dryad.b8d6m; and all other datasets supporting this study are made available as part of the electronic supplementary material.
